In this paper, a nonautonomous eco-epidemiological model with disease in the predator is formulated and analyzed, in which saturated predation rate is taken into consideration. Under quite weak assumptions, sufficient conditions for the permanence and extinction of the disease are obtained. Moreover, by constructing a Liapunov function, the global attractivity of the model is discussed. Finally, numerical simulations verified these results.
Introduction
In the nature world, diseases for each species are inevitable. So it has practical ecological significance to consider the effects of disease in predator-prey model. Over the past decade, great attention has been paid to modelling and analyzing eco-epidemiological systems (see [1] - [25] ). Most of these works studied predator-prey models with disease in the prey (see [1] - [21] [25] ). Recently different eco-epidemiological predator-prey models with disease in predator have been investigated (see [22] [23] [24] ). In [21] , Xiao The models, which were proposed in the literatures [1] - [21] , are autonomous systems. However, non-autonomous phenomenon is dominating in real systems.
It comes from various sources, such as the variation of transmission rate, migration rate, the predation rate and fluctuations in death and birth rates, etc. Nonautonomous eco-epidemiological model is more realistic than autonomous model. Several nonautonomous eco-epidemiological models have been studied in [25] Motivated by these factors, we modify a predator-prey model with disease in predator by introducing standard infection rate
( ) ( ) ( ) ( ) ( ) ( ) t S t I t S t I t σ + and saturated predation rate ( ) ( ) ( ) ( ) ( ) ( ) c t X t S t h t X t + , more in line with
the actual situation, where prey population denoted by X and predator population denoted by ( ) ( ) ( )
Y t S t I t = +
, in which S and I stand for the susceptible and infectious predator, respectively. Then we propose the following nonautonomous eco-epidemiological model:
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( 
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It is obvious that the set
This paper is organized as follows. In the next section, some useful lemmas are proposed. In Section 3, we establish the sufficient conditions for the permanence and extinction of the disease. Also, by constructing a Liapunov function, we obtain the global attractivity of the model. Moreover, as applications of the main results, some corollaries are introduced. Particularly, the periodic model is discussed. In Section 4, our qualitative results for the periodic system are verified by numerical simulation. This paper is ended with a conclusion.
Notations, Definitions, and Preliminary Lemmas
In this section, we introduce some notations, definitions and state some lemmas which will be useful in the subsequent sections. Let C denote the space of all bounded continuous functions. Given f C ∈ , we let ( ) ( ) 
Main Results
In this section, we will study the permanence and extinction of infected predator, and then, demonstrate the global attractivity of system (1.2).
First, as a preliminary, we make the following assumptions: hold, where 
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Based on the assumption (B2), the conclusion (a) of Lemma 2.3 and the comparison theorem, there exist constant
according to the conclusion (c) of lemma 2.3, then we get
From the second and third equations of (1.2) and (3.2), we have obtain that for all
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Furthermore, from the first equation of system (1.2) and (3.4), we can obtain that for all
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According to Lemma 2.3 (a) and the comparison theorem, there are constant 
Moreover, it follows from the second and third equations of system (1.2) and (3.6) that for
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Then we can obtain the following results. then the infective predator of (1.2) ( ) 
According to (3.2), (3.4), (3.6) and (3.8), we can obtain that there exists a con-
Following, we will prove that there is a positive constant 0 0 β > such that
Constructing an auxiliary system
In view of Lemma 2.2, for the given constants 1 0
where ( ) Hence, from the second equation of system (1.2), we obtain that for all In 
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By comparison theorem, we have that there is a constant ( )
, for all .
Hence, from the third equation of system (1.2) and (3.20) -(3.23), we get It is obvious that we only need to consider the case (ii).
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In other words, the infective predator ( ) From the second equation of system (1.2), we have
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Moreover, from the first equation of system (1.2), we have 
, for all . max , , , . 
I t I t r t b t S t I t t X t I t S t I t e t c t t t I t h t X t S t I t I t r t b t s t b t I t x t y t e t c t t t h t x t y t
ρ σ α δ δ δ ρ σ α δ δ = − + + + − + +  ≤ − − −   + + + + −  + + −   (3.30) If ( ) ( ) 0 1 for all I t t T ε ε ≥ < < ≥ , then let 2 0 n ≥ be a nonnegative integer such that ( ) ) 2 0 2 0 , 1 t T n T n λ λ ∈ + + +   , integrating (3.30) from T to t, we can obtain ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ( ) ( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( ) 2
I t I T r t b t s t b t x t y t e t c t t t h t x t y t I T r t b t s t b t x t y t e t c t t t h t x t y t I T n
I t r t b t s t b t x t y t e t c t t t t h t x t y t r t b t s t b t x t y t e t c t t t t h t x t y t n
In view of Theorems 3.2 and 3.3, we can get the following corollaries. In the following, we will discuss the global attractivity of system (1.2). 
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Define a Liapunov function ( ) . 1.0440 1 R * = > . The disease is permanent.
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three-dimensional space, which implies that there exists a periodic solution of system (1.2), and it is globally attractive (see Figure 3) . Therefore, we conjecture that if all the conditions of theorem 3.4 hold, then system (1.2) has a periodic solution which is globally attractive. This will be left as our future consideration.
Moreover, the conditions on the permanence and extinction of the infected prey species can merge into a threshold criterion and the thresholds , R R * * are obtained in Corollaries 3.1 and 3.2. However, the conditions for permanence and extinction of the model that we propose are not perfect. The threshold value has not been determined. These will be our future work for the perfection of the model.
Finally, we will perform some numerical simulations to show the importance of contact rate σ. For system (1.2) , in which all the coefficients are time-dependent, we then also discuss the effect of the mean value of contact rate σ on the dyna-mics of the system. Let us fix ( ) ( ) Figure 4 ). This figure shows that decreasing the amplitude of periodic contact rate will reduce the risk of epidemic prevalence. 
